This study aims to quantify placebo response (PR) in children with attention deficit hyperactivity disorder (ADHD) as assessed by parents and teachers and to explore some of its determinants.
| INTRODUCTION
Modern interest in placebos stems from the discovery that one major source of treatment response is the propensity of subjects to feel better after receiving treatment, even when this treatment is devoid of active ingredients (Beecher, 1955) . In addition to its relevance for clinical practice, this phenomenon is gaining increased attention in research given its importance in determining the outcome of clinical trials. Indeed, an increasing magnitude of placebo response (PR) over the years has been reported (Tuttle et al., 2015) and may explain, at least in part, the failure of several clinical trails (Kirsch et al., 2008) . It is therefore important to study the determinants of PR in order to better understand the various factors underlying its variability, which in turn, can help with the design of clinical trials and reduce their rate of failure. This might be particularly important with psychiatric disorders given that the magnitude of PR, although variable from one condition to the other, is relatively high (Khan et al., 2005) .
It is important to distinguish between PR and placebo effect (PE), the improvement in a measured outcome attributed specifically to the inactive substance or treatment, due to neurobiological and psychosocial factors, including expectations, classical conditioning, and non-specific treatment effects such as contact with study personnel (Kirsch, 2013) .
The mesostriatal dopamine system and prefrontal cortex play an important role in the PE (Murray & Stoessl, 2013) . These same neural systems are also central to the pathophysiology of attention deficit hyperactivity disorder (ADHD) (Arnsten, 2006) , thus making ADHD a fertile ground for exploring the placebo phenomenon. In ADHD, the PR rate has been estimated at 20-30% using various outcome measures, although there is heterogeneity between studies both at the level of methodology and results (Waschbusch, Pelham, Waxmonsky, & Johnston, 2009 ).
The moderators, mediators, and other predictors of PR were studied in a wide variety of conditions/disorders. Baseline demographic factors (such as sex, age, and household income), previous medication history, comorbidity, family factors (such as history of psychiatric illnesses, parent education), and severity of illness have been found to be potential predictors of PR (Arnold et al., 2010; Aslaksen, Bystad, Vambheim, & Flaten, 2011; Brown, Johnson, & Chen, 1992; Hunter, Cook, & Leuchter, 2010; Katja Weimer, Colloca, & Enck, 2015; King et al., 2013; Potkin et al., 2011) . Some of these factors have been shown to account, at least in part, for PR in ADHD, including age, ethnicity, time since diagnosis, ADHD subtype, and comorbidity; however, inconsistant results have been obtained (Buitelaar et al., 2012; Newcorn et al., 2009; Waxmonsky, Waschbusch, Glatt, & Faraone, 2011) . This lack of consistency may be due to various factors including different definitions of response (often categorical), reliance on different observers, assessment of the behaviours in different settings (home, school, clinic), different time frames to assess response and relatively small sample sizes.
The present study aims to expand the existing literature by examining PR and its determinants in a large (n = 540) randomized, placebo-controlled one week trial of methylphenidate in children diagnosed with ADHD and assessed by parents at home and teachers at school.
| METHODS

| Ethics statement
The research protocol was approved by the Research Ethics Board of the Douglas Mental Health University Institute in Montreal, Canada and registered at clinlicaltrial.gov (NCT00483106). Informed written consent was obtained from parents, and verbal assent from children.
The investigation was carried out in accordance with the latest version of the Declaration of Helsinki.
| Study design and participants
The data were collected from November 1999 to October 2012.
Although designed as a randomized clinical trial (RCT), the trial does not aim to demonstrate the superiority of methylphenidate over placebo, given the well-established benefits of methylphenidate (Schachter, Pham, King, Langford, & Moher, 2001) . Rather, it is geared to investigate genetic predictors of response to methylphenidate and placebo. The present manuscript does not report on genetic findings, but focuses exclusively on the characteristics of PR and its determinants. The study protocol was described in detail previously (Sengupta et al., 2008) . The flow of participants through the study is summarized in Figure 1 .
Five hundred and forty children aged 6 to 12 years, referred from the community, were included in the study if they meet DSM-IV criteria for ADHD [based on a clinical interview with the child and parents by a psychiatrist, complemented by the structured Diagnostic Interview Schedule for Children (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) ]. Children with low IQ (< 70), a history of Tourette's syndrome or psychosis were excluded from the trial.
Parents were told that their child will go through a study with active medication and placebo to measure their response to the treatment and its side effects and to give them "objective" information to help their decision on whether to use medication or not. The study design was also explained to the teachers. Both parents and teachers were aware that after one week of baseline observation (which served also as a washout period for children who were previously on medication), participants (in a blind order) received either one week of active medication (methylphenidate 0.25 mg/kg bid) followed by one week of placebo or the reverse order to assess their response to medication in an unbiased fashion.
To improve tolerability and minimize drop-outs, there was no wash-out between the two treatment periods. Methylphenidate and placebo were encapsulated into opaque gelatin capsules in weekly blister packs by a pharmacist not otherwise affiliated with the study. Their order of administration was determined by counterbalanced random assignment, using a computer-generated randomization list prepared by a statistician not otherwise affiliated with the study.
| Procedures and study outcomes
Parents and teachers completed the respective version of the Conners' Global Index (CGI) scale (Conners, Erhardt, & Sparrow, 1999 ) (CGI-P and CGI-T, respectively) at baseline (that was also the wash-out week for the children who were previously on medication), at the end of the placebo and methylphenidate weeks. CGI-P and CGI-T are each comprised of two 10 items, each describing a specific behaviour that is rated on a 4-point Likert scale from 0 (not at all true) to 3 (very much true). Factor analysis has shown that the CGI is composed of two factors, emotional lability and restless impulsive behaviours. 
| Factors associated with the PR
| Statistical analysis
Statistical analyses were conducted using SPSS version 20. A series of univariate repeated measure analysis of variance (ANOVA) were performed, with the measures of psychopathology (CGI-P, CGI-T) at baseline and during placebo treatment as the within-subject factors, while various socio-demographic and clinical factors were dichotomized and used as between-subject factors. Interactions between socio-demographic and clinical factors however, and changes in psychopathology ratings between the baseline and placebo weeks were also investigated.
The focus of the current paper is the PR and its determinants.
However, to provide perspective for our results, we present data on the response to methylphenidate where appropriate. Given the exploratory nature of the study, no adjustment for multiple comparisons was performed (level of statistical significance was set at 5%). To deal with missing values, complete case analysis was used for each study outcome.
| RESULTS
The demographic and clinical characteristics of the participants are summarized in (Table 1) .
A total of 540 participants completed the CGI-P and 528 completed the CGI-T. Participants received significantly improved ratings from parents and teachers (p < 0.001) during the placebo week, compared to baseline (Figure 2 ). The magnitude of PR in parents [10.57 points; standard deviation (SD) = 12.6] was two and a half times the magnitude of PR in teachers' (3.9 points; SD = 10.37) (p < 0.001).
As indicated in Table 2 , for parents, low SES, single parental status, lower education level of mothers, and MSDP were associated with significantly higher PR (p = 0.001, p = 0.039, p = 0.008, and p = 0.029, respectively), while prior psychostimulant exposure (PPE) was associated with lower PR (p = 0.001). There was no significant interaction between PR as assessed by parents and participants' gender, order of treatment, ADHD subtype, or any comorbidity.
In terms of PR assessed by teachers, Caucasian ethnicity (of the subject) was associated with a higher PR (p = 0.021), while PPE was associated with lower PR (p = 0.001). There was no significant interaction between PR as assessed by teachers and the other sociodemographic and clinical variables (Table 3) . Similar analyses were carried out for the two factors of CGI-P and CGI-T: restless-impulsive behaviour and emotional lability, and the results were similar (data not shown).
The patterns of PR were examined more closely by stratifying participants in two groups according to the factors that were significantly associated with PR as outlined earlier (e.g. prior treatment). This The second pattern, which may be termed convergent, emerged when stratifying participants by parental income, mothers' level of education, marital status and MSDP ( Figure 3D-G) . Here, at baseline, participants with lower SES, lower maternal education, single parents, or a history of MSDP started with higher CGI-P scores at baseline, but converged to similar CGI-P scores during the placebo week compared to the groups with the alternate characteristics (e.g. with higher parental income).
There was no significant effect of order of treatment on the parents' or teachers' ratings (p > 0.05). To further safeguard against possible carry-over effects, we repeated our analysis on the subgroup of children who received placebo in the first week (n = 323), obtaining very similar results.
| DISCUSSION
We report here a highly statistically significant PR as assessed by parents and teachers, confirming previous studies showing a consistent PR in children with ADHD (Buitelaar et al., 2012; Newcorn et al., 2009; Waxmonsky et al., 2011) . As noted in the introduction and high school education or less in Quebec) and (b) high education >11 years.
FIGURE 2 Changes in attention deficit hyperactivity disorder (ADHD) symptoms between baseline, placebo, and active-medication week according to (a) the parents and (b) the teachers. A -Shows a significant difference between baseline week and placebo week scores (i.E. placebo response) as assessed by the Conners' Global Index for parents and teachers (CGI-P and CGI-T, respectively) (p < 0.001). B -Shows a significant difference between active-medication week and placebo week scores (p < 0.001). C -Shows a significant difference between baseline week and acive-medication week scores (i.E. treatment response) (p < 0.001). Error bars represent the standard deviation Figure 4 , we emphasize that our findings relate to a PR, rather than a PE. This is particularly relevant in this context given that the response to treatment is not assessed by the subject taking the treatment, but
by observers who can be sensitive to the pacebo effects induced in the child, but also to their own expectations, biases and observers' skills. In fact, measuring PE requires specific neurobiological hypothesis that need to be probed and correlated with PR (in order to isolate a more specific PE) and our study design only allows us to study PR.
The first main finding in this study is the higher and highly significant PR with a larger effect size as assessed by parents compared to teachers. Several factors may account for this observation. First, the The second main finding from this study is the association between PR and several clinical and demographic characteristics of the child. Interestingly these associations were also specific to the environmental context of the assessment and who completed these assessments. Two factors were associated with smaller PR as assessed by teachers: previous exposure to medication and ethnicity. Previous exposure to medication was also associated with smaller PR as assessed by parents. This observation could be explained by the fact that both parents and teachers have a prior knowledge of how the child responded to active medication, which in case it was poor, will lower their expectations of PR. In contrast, in children without prior exposure to active treatment, the expectations of observers with FIGURE 3 Differences in CGI-P and CGI-T trajectories in groups stratified by factors associated with the placebo response. (A) to (C) show significant interactions between ethnicity and previous treatment with medication, respectively. (D) to (G) show significant interactions between parental marital status, parental income, maternal smoking during pregnancy, and maternal education, respectively, and the change in parents' CGI-P scores between the baseline and placebo weeks regard to response might be anchored in more general expectations of treatment response without adjustment to the child prior history of treatment response. This observation replicates previous work showing lower PR after prior treatment (Newcorn et al., 2009; Sandler & Bodfish, 2008) and might have important implications for the design and interpretation of clinical trials in ADHD. The observation that
Caucasians were assessed as more responsive to placebo by teachers is intriguing. Whether it is related to a true ethnic difference in PE or it represents a racial bias in evaluating PR is difficult to disentangle in this study and warrants further investigation.
In addition to its association with prior exposure to treatment, PR as assessed by parents was associated with many socio-demographic characteristics of the child and his environment. In order to gain better understanding of the relation between these factors and PR, we stratified children according to these factors, and observed two patterns of PR -which we called convergent and divergent patterns. In the former, participants with lower parental income, lower maternal education, single parent status, and MSDP had more severe ratings at baseline, but experienced a higher PR, thus "catching up" (i.e. converging) with the rest of the sample during the placebo phase. All four of these factors, including MSDP (Lu, Tong, & Oldenburg, 2001) , are associated with lower SES. The PR observed in the lower SES group appears to be the result of higher symptom scores at baseline according to the parent's assessment, rather than lower scores on placebo. These higher behavioural severity scores at baseline could be due to an intrinsically more severe psychopathology in the group of children with these psychosocial characteristics. This is in line with studies from our group (Thakur et al., 2013) and others (Langley, Holmans, van den Bree, & Thapar, 2007; Russell, Ford, & Russell, 2015; Sagiv, Epstein, Bellinger, & Korrick, 2013; Sciberras, Ukoumunne, & Efron, 2011; Thapar et al., 2003) . Speculatively, there may also be a tendency of some parents to overestimate their child's psychopathology at entry in order to secure treatment, especially in an environment where access to care is scarce (Benedetti, 2009) . Upon repeated measurement, the initially inflated ratings would tend to yield values closer to average, mimicking an improvement or reflecting the well known regression to the mean phenomenon. Previous exposure to treatment was associated with a divergent pattern of PR in both parents and teachers. Here previously-treated participants started with similar ratings of psychopathology at baseline to those not previously-treated, but showed a lower PR, thus ending up with significantly poorer ratings during the placebo phase compared with their counterparts. As mentioned earlier, this observation might have important implication for the design and interpretation of clinical trials. These observations were valid for both the "restless-impulsive" and "emotional lability" factors of CGI-P and CGI-T. It is also important to note that the effect sizes associated with these factors are of relatively small and variable magnitude. However, these magnitudes, when compared to the magnitude of the total PR can reach substantial proportions (up to 23% for PPE in teachers). Also, it is important to note that the cumulative effect of all the statistically significant correlates of PR amount to 17.8% of PR in parents and 17.8% of PR in teachers. Given that these factors can be balanced in RCT, considering all of them when designing RCTs may be important to reduce the failure of clinincal trials.
The precise neurobiological mechanisms of the placebo effects in ADHD still await elucidation. Placebo may increase meso-limbic dopamine release in Parkinson's disease (de la Fuente-Fernandez, 2009 ), and perhaps in other conditions (Murray & Stoessl, 2013) including ADHD, so their effect may be neurobiologically similar to that of psychostimulants used to treat ADHD, which also increase dopamine levels in various brain regions (Arnsten, 2006) . However, the possible deficits in mesolimbic dopamine in patients with ADHD (Volkow, Wang, Newcorn, et al., 2007) (Enck, Bingel, Schedlowski, & Rief, 2013) . This could be achieved either by selecting patients who are expected, according to their baseline characteristics, to be least responsive to placebo or by statistically controlling for these characteristics (Benedetti & Amanzio, 2011) . Other innovative clinical trial designs exploiting a better knowledge of PR have been proposed (Benedetti, 2012) .
| Study's strengths and weaknesses
The present study was the first to compare parents' assessment of PR in children with ADHD with ratings by their teachers, treating both measures as separate outcomes in a large sample. The within-subject cross-over design increased precision in determining the PR in comparison to the parallel-group design used in previous trials.
Another advantage is the measurement of an acute PR at one week in comparison with the duration of previous studies, lasting typically one month or more. The PR has been shown to peak in short-duration studies (Hrobjartsson & Gotzsche, 2001 , 2004 ) thus a shorter studydesign, especially with a medication like methylphenidate, whose benefits are nearly immediate, may succeed in capturing the PR at its time of maximal expression. To avoid cutoffs used in previous studies to determine categorical measures of response, which may bias results and make it difficult to compare findings, we relied instead on quantitative measures.
The cross-over design carries a risk of bias due to carry-over effects of the interventions across treatment periods. We acknowledge that the absence of a wash-out period between the two treatment weeks magnifies this risk. We note, however, that the pharmacokinetic properties of methylphenidate limit its duration of action to approximately 1-4 hours. The elimination half-life is approximately 2-3 hours, so the drug is completely cleared within 24 hours, and a steady-state plasma concentration is never reached (Kimko, Cross, & Abernethy, 1999) . This concurs with clinical experience that a methylphenidate tablet taken one day no longer has any discernible effects by the next day. Additionally, clinical trials of stimulants have shown that symptoms return after cessation of the drug (Biederman et al., 2010) . All these observations suggest that the risk of carry-over effects is limited. Indeed, reassuringly, our analyses revealed no significant order-of-treatment effect, and restricting the calculations to children who received placebo first yielded very similar results.
As our trial lasted for two weeks, the result of response to placebo might not sustain. Although trials of depression showed that response to placebo was maintained for more than three months in 79% of the patients; however, it is unknown if this can be the case with ADHD (Khan, Redding, & Brown, 2008) . Lastly, our sample included a larger number of boys than girls, which may limit the generalizability of our findings.
| CONCLUSION
PR in children with ADHD is a complex phenomenon that varies across different observers and settings. In clinical trials, it is important to collect and analyse data separately from different observers while controlling (either statistically or by design) for factors that modulate the magnitude and shape (convergent or divergent) of the PR. These findings could contribute to a better understanding of PR; hence, clinical trials design and interpretation, and treatment approaches in clinical practice.
